with consanguinity (Khlat, 1997; Jaber et al, 1998) , we have recently found that consanguinity alters the risk of lymphoid malignancies (Bener et al, 2001 ).
The tumour-suppressor and mutator genes are recessive and the presence of 2 identical alleles in an individual is required to accomplish a step in a multi-step carcinogenesis. In a model of cancer development, zygote receives one cancer gene from one of the germ-cells and another is acquired later in life as a somatic mutation. For example, when BRCA1 and BRCA2 genes are inherited, the risk of breast cancer is increased several-fold, leading to development of cancer at an earlier age. These patients also have a strong family history of cancer (Anonymous, 1999) . Nonetheless, if a recessive tumour gene is present in a family and 2 members of such a family conceive an offspring, theoretically, a child could be born with 2 recessive tumour genes, i.e. a congenital step of carcinogenesis. Such an individual would be expected to develop cancer earlier in life. However, if a gene causing lethal illness develops before an individual could reproduce, such a deleterious gene would be lost from a population (Khlat, 1997) . Thus a longterm practice of consanguinity may decrease the frequency of recessive tumour genes, theoretically, leading to a lower incidence of cancer in a consanguineous population. In this study we examine the possible effect of inbreeding on the risk of breast and cervical cancers in a population with a high rate of consanguinity.
MATERIALS AND METHODS
This study is a cross-sectional community-based survey conducted between August 1999 and February 2000 in the city of Al Ain, United Arab Emirates.
Study subjects
Study subjects were consecutive female subjects who attended 12 primary health care clinics for any reason. Selected were married women who are UAE nationals, ages 40 to 65. Targeted sample size was 1750 individuals or one third of estimated population size of the given sex and age. The sampling from the clinics was proportional to 25-75% of urban to semi-urban distribution of population.
Questionnaire and interview
The questionnaire was made in Arabic with single forward and back translations to English being made to ensure its linguistic validity. The subjects were asked if they, their parents and their husbands' parents (in-laws) are consanguineous and if they have or had breast or cervical cancer. They were asked about breast and cervical cancer among their mothers, sisters and daughters. Family history was considered positive for breast cancer if at least one first-degree female relative had a breast carcinoma. Medical records were reviewed to confirm diagnosis of breast and cervical cancer in study subjects with history of malignancy. Socio-demographic information (age, education, occupation, number of children, annual number of visits to clinic, family income) was collected as well as data on breast and cervical cancer screening performed. Age of subjects is at the time of interview. Questionnaires were administered during the face-to-face interviews, which were conducted in Arabic by a health educator and one of 10 qualified nurses. In a sample of 50 subjects, the validity and reliability of a questionnaire was tested by comparing the number of reported cancer screening tests with the number of documented tests in medical records.
Analysis
The data were coded and entered into a computer using the Statistical Packages for Social Sciences (Norusis, 1996) . Data are expressed as mean and standard deviation (SD) unless otherwise stated. The Student's t-test was used to ascertain the significant differences between mean values of 2 continuous variables and Mann-Whitney for non-parametric distribution. χ 2 was performed to ascertain the association between 2 or more categorical variables. In 2 × 2 tables, the Fisher exact test (2-tailed) was used instead of χ 2 , in particular, when sample size was small. The relative risk (RR) and their 95% confidence interval (CI) were obtained by using Mantel-Haenszel test. Multiple logistic regression analysis was used to assess the relationship between breast cancer as the dependent variable and other socio-demographic and biological factor as independent variables. Those variables found to be significant were used in multiple logistic model. Logistic regression results are reported as RR and CI (derived from likelihood ratios and its standard error) along with P values (derived from likelihood ratios statistics which have a χ 2 distribution). The level P < 0.05 was considered as the cut-off value for significance. κ coefficients were used to examine agreement between medical records and self report, and values above 0.75 are taken to indicate excellent agreement, between 0.4 and 0.75 good agreement and below 0.4 poor agreement.
RESULTS
Of 1750 women invited to participate in the study, 21% (305) refused or gave incomplete answers to questions and were removed from analysis. The self-reported cancer screenings were in high agreement with medical records data (κ = 0.82). All subjects who reported the breast and cervical cancer had the same confirmed in the medical records.
Consanguinity rates
Of 1445 analysed subjects, 40% (579) had consanguineous and 60% (866) had non-consanguineous parents. Among the subjects' in-laws, 41% (594) were consanguineous. The subjects' parents and in-laws belong to the same generation and their consanguinity rates were not different (P = 0.57). The number of study subjects who themselves married a relative was 747 (52%), a significantly higher rate than in their parents (P < 0.0001). Parental consanguinity did not increase the chance of female offspring entering consanguineous marriage but did increase the chance of male offspring (husband) entering consanguineous marriage (Table 1) . 200 subjects (14%) reported that they themselves, their parents and in-laws are all in consanguineous matrimony.
Breast and cervical cancer risks
Breast cancer frequencies among women whose parents were consanguineous and non-consanguineous are shown in Table 2 . Overall, there is a borderline protective effect of consanguineous parents on risk of breast cancer, and this is significant among those aged 40-50. The mean age of 78 women with history of breast cancer whose parents were consanguineous versus nonconsanguineous was 48.6 vs. 46.9 years (P = 0.31); in the age group of 40 to 50 the mean age was 42.9 vs. 43.8 years (P = 0.25), and in the age group of 51 to 65 the mean age was 55.4 vs. 53.7 years (P = 0.29). Cervical cancer rate was not different between women of consanguineous and non-consanguineous parents (Table 2) .
Family history of cancer and sociodemographics
Family history of breast cancer overall was not different between consanguineous and non-consanguineous groups (Table 2 ). In the 40 to 50 age group, 15 of 446 consanguineous and 18 of 633 nonconsanguineous families had positive history of breast cancer (P = 0.63). In the 51 to 65 age group, 6 of 133 consanguineous and 5 of 233 non-consanguineous families had positive history of breast cancer (P = 0.20). Overall, positive family history of breast cancer had 4 (5%) of 78 women with breast cancer and 40 (3%) of 1367 women without breast cancer, a non-significant difference (P = 0.27). The socio-demographic characteristics of the offspring of consanguineous and non-consanguineous parents are shown in Table 2 . Overall, the education, age and number of clinic visits were lower among women of consanguineous than of non-consanguineous parents. The results of multivariate analysis are given in Table 3 .
DISCUSSION
The risk of breast cancer among younger Arabian women whose parents are consanguineous is significantly lower than the risk of women whose parents are non-consanguineous. For the whole group, the risk of breast cancer was reduced by parental consanguinity but reduction did not reach statistical significance. Parental consanguinity had no effect on the frequency of cervical carcinoma that is related to viral infection and not to inheritance of genes.
The theoretical framework that explains decreased prevalence of breast cancer among offspring of consanguineous parents must explain the apparent loss of 'breast cancer patients' from the consanguineous subgroup of a population. The loss could be accounted for by the increased rates of abortion, stillbirth, perinatal and child mortality found in consanguineous families (Asha Bai et al, 1981; Basaran et al, 1989; Shami et al, 1989; Saha et al, 1990; Powell et al, 1995; Grant and Bittles, 1997; Shah, 1997; Hussain, 1998; Jaber et al, 1998; Stoltenberg et al, 1999) . We did not examine the rate of abortions, stillbirths or early child death in our study, but previous study made of in the same population as ours showed an increased overall fetal wastage in consanguineous families . The number of children in our study was the same for consanguineous and non-consanguineous families. These numbers may not reflect the loss of 'future breast cancer patients' because fertility of consanguineous couples may be 'compensatively' increased (Hussain, 1998) . Another link between increased fetal wastage and mortality on one side, and breast cancer on the other is discovery that the same genes are active in both embryogenesis and oncogenesis. For example, BRCA1 gene was found to be active in different tissues during human embryogenesis (Pavelic et al, 1991) . The BRCA1 and BRCA2 knock-out mice are not viable and are aborted during embryonic life (Hakem et al, 1998) , suggesting that the same may cause abortion or stillbirths in humans. Further, HER-2 gene is expressed in a third of breast cancers and is believed to be important for embryogenesis (Alroy and Yarden, 1997) . Zygotic or congenital homozygosity for some recessive oncofetal genes may impair embryogenesis leading to abortion or contribute to stillbirth or premature child death, eliminating individuals with the same 2 oncofetal genes (natural knock-outs). This suggests that BRCA1/2, which cause more breast cancers in younger than older women, are infrequent in populations with a long history and high rate of consanguinity.
If an offspring of consanguineous parents homozygous for a recessive tumour gene dies before it biologically reproduces, the frequency of such a gene would decrease. The decrease of gene frequency would be more significant in a population with a high rate and long history of consanguinity. As a result, a decreased incidence of a tumour in such a population would be expected. Indeed, age-standardized incidence of breast cancer for 1998 in our native population was 15.5 per 100 000 (unpublished data of UAE Cancer Registry). The populations of Kuwait and Saudi Arabia have the same high consanguinity rate and their 1998 breast cancer agestandardized incidence was 31.8 and 18.6 per 100 000, respectively (Anonymous, 2000) . In North America and Western Europe where the consanguinity rate is less then 1%, breast cancer incidence is 86 and 68 per 100 000, respectively (Parkin et al, 1999) . Thus Gulf countries with consanguinity rate of over 50% when compared with developed countries with consanguinity rate of less than 1%, have several times lower incidence of breast cancer. Japan with a long past history of consanguinity and current 4% prevalence of consanguineous marriages and India with a high but geographically varying consanguinity rate both have an incidence rate below 30 per 100 000 (Parkin et al, 1999) . Although reproductive, dietary, demographic and other risk factors account for some differences between the countries, current and past history of consanguinity, particularly its long-term practice, may need to be considered in explanation of observed variability.
Our data suggest that the rate of consanguineous marriages in UAE has increased over one generation by 25%. The same was found in another study and could be related to the enormous increase in the country's wealth over the last couple of decades brought by exploitation of oil and a desire of families to preserve it. While women whose parents were consanguineous were not more likely to enter into consanguineous marriage themselves, their husbands were more likely to marry a relative if their parents were consanguineous (RR = 1.32). This finding is explainable by social dynamics in this strongly patriarchal society in which males' parents choose the bride. It also means that inbreeding is stronger patrilineally.
Family history of breast cancer is a known risk factor that may, if unbalanced between comparison groups, skew the results. We found that family history of breast was not significantly different between groups with consanguineous and non-consanguineous parents. Further, there was no expected difference in the frequency of positive family history of breast cancer between women with and without breast carcinoma (5% and 3%, respectively). This could result from insufficient power of study to detect a difference. However, it is possible that high rate and long history of consanguinity have changed genomics of breast cancer in this population by eliminating one and making relatively more common other cancer genes. This suggests that BRCA1 and BRCA2 genes may be less frequent in highly consanguineous populations and is supported by the finding of mitigated family history in breast cancer probands.
The result could be a chance finding or an outcome of bias caused by 21% drop out of study subjects. The recall bias is unlikely in the study as both groups were questioned in identical manner. Chances that other variables may have affected the result are low as our study population is homogeneous in that all subjects are nationals of narrow age range and Muslims. They belong to a culture in which almost none consume alcohol and a negligible number smokes, further contributing to homogeneity of the study population. However, other risk factors like age at menarche and oestrogen intake were not considered although they may affect the result. Fewer clinic visits among offspring of consanguineous parents could be a chance phenomenon caused by multiple comparisons; it was not a significant variable in the 40 -50 age group in which parental consanguinity was found to significantly reduce risk of breast cancer. Different socio-demographic parameters and breast and cervical cancer screening were not significantly different between consanguineous and non-consanguineous groups, making influence of environmental factors and detection bias less likely ( Table 2 ). The finding of lower mean age and education level among offspring of consanguineous parents cannot be excluded as a bias but others have noted association of lower age and education, and consanguinity (Sureender et al, 1998) . A fewer breast cancer cases in consanguineous than in nonconsanguineous group may result if breast cancer patients in former group have a shorter survival than those in later. However, there is no evidence to suggest true existence of such a biological difference. We acknowledge that relatively low power of the study resulted in wide confidence intervals.
In conclusion, this study suggests that parental consanguinity decreases the risk of breast cancer in younger women. The BRCA1/2 are risk factors of breast cancer especially in younger women and consanguinity alter tumour genomics. Some of the genes are important in development of both breast cancer and normal embryo. An oncofetal gene homozygosity resulting from consanguinity impairs embryogenesis, perinatal or postnatal development, and leads to increased fetal wastage and child mortality in consanguineous couples. Some of these lost individuals are actually 'lost breast cancer patients'. The finding that parental consanguinity reduces the risk of breast cancer should be confirmed, as it may be important for consanguineous families worldwide.
